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Abstract 
I have established the dependence of the metaphase-blocking effect of N 2 0 on gas con-
centration, as well as on the length of the treating period. The highest mitotic"activity can be 
achieved in the cells of the root meristem of rye at 6 atm pressure of N jO (270 mM concentration) 
by an 8 hours treatment. The metaphase-blocking efTect of NjO is reversible, following the solu-
tion of gas treatment, the metaphase-cells enter into a more or less normal anaphase. 
Introduction 
In invest igat ing the p h e n o m e n a o f mitosis , a very great role is played by cer ta in 
cytos ta t ic mater ia l s , which h inde r t h e regu la r process of mitosis. T h e agents h inder ing 
mitosis a r e cal led " m i t o t i c p o i s o n s " (BIESELE, 1958). As a resul t of the h inder ing 
effect , t he re m a y occur specific ch romosome-con f igu ra t i ons , or po lyp lo idy m a y be 
f o r m e d . 
T h e m e c h a n i s m of ac t ion o f s o m e agen t s , e .g. colchicine — the alcaloid o f 
Colchicum autumnale — a n d of co lch icum derivat ives have been s tudied fo r long 
decades . EIGSTI and DUSTIN (1954) es tabl i shed tha t colchicine b rough t t o s t o p 
me taphase . I t s effect is so charac te r i s t ic a n d specific in mitosis t ha t in l i t e ra ture t h e 
des igna t ion C-mi tos is , colchicine-mitosis , was in t roduced fo r this p h e n o m e n o n 
(LEVAN, 1938). A p a r t f r o m colchic ine , co lcemide h a s exerted the m o s t m a r k e d 
effect on mi tos i s (PICKETT-HEAPS, 1967; STUBBLEFIELD and BRINKLEY, 1966; BRINKLEY 
e t a l . , 1967). 
Ce r t a in gases (xenon , a r g o n , m e t h a n e , h y d r o g e n , n i l rous oxide) a r e k n o w n t o 
m a k e an effect on t h e process o f mi tos i s t ha t is s imi la re t o t ha t of colchicine. T h e 
m e c h a n i s m of ac t ion o f these gases h a s been u n k n o w n , so f a r . T h e n i t rous ox ide 
has p r o d u c e d C-mi tos i s in pea seedl ings u n d e r a tmosphe r i c pressure (OSTERGREN, 
1944); on t h e o t h e r h a n d , in on ion a h ighe r p ressure was t o be app l ied in o r d e r t o 
get s imi lar resul t (FERGUSON et a l „ 1950). In 1968, R A O treated m a m m a l i a n n 
( H e L a ) cells wi th N a O a n d es tab l i shed tha t t h e effect of N . O b lock ing t o m e t a p h a s e 
depended o n pressure and was reversible. A p re s su re below 2.72 a t m o s p h e r e s 
p r o d u c e d n o effect on the a b o v e men t ioned cells. An a t m o s p h e r i c p ressure b e t w e e n 
2 ,72-4 .42 a t m has n o t caused full inhibi t ion. A fu l l m e t a p h a s e b lock cou ld be 
achieved with a p ressure be tween 5.1 a n d 5 .4 a t m a n d t h e effect p roved t o be 
reversible. T h e degree o f reversibil i ty d e p e n d s u p o n the d u r a t i o n o f t r e a t m e n t 
and pressure . 
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Fig. 1. Pressure chamber used for the nitrous-oxide treatment. 
Pressure chamber (a), joint duct (b), manometer (c). The standard pressure in the cylinder 
was assured by closing both valves (d, e). Finishing the treatment, I decreased the pres-
sure to zero atmosphere by opening the valve (d) slowly. 
Similarly t o colchicine and colchicine-derivat ives, po lyp lo ids and a n e u p l o i d s 
can be induced by n i t rous ox ide , a s well (OSTERGREN. 1954; NYGREN, 1955; OSTER-
G R E N , 1 9 5 7 ; K I H A R A a n d T S U N E W A K I , 1 9 6 0 ; T S U N E W A K I , 1 9 6 2 , D V O R A K e t a l . , 1 9 7 3 ) . 
T h e invest igat ions conce rn ing the effect of n i t rous ox ide a re i m p o r t a n t f r o m 
m o r e t h a n o n e p o i n t of view. On the o n e h a n d , gas is app l ied a s anaes the t i c in the 
clinical praxis , a s wel l ; on t h e o t h e r h a n d , m o d e o f act ion of th is , exerted on mi tos i s , 
is une luc ida ted , as yet. 
Mate r i a l s and Me thods 
I have chosen the diploid rye as test plant, having low chromosome number (2n=14). 
Cytological preparations were made from the actively growing root meristems of seedlings. 
Germination took place at 20 °C, in Petri dishes, on wet filter-paper, in a thermostat, for 20 to 
30 hours. Seedlings having three roots — of 6 to 10 mm — were used for experiments. The 
N , 0 treatments were carried out in a pressure chamber, to be seen in Fig. 1, made in the work-
shop of the University Cambridge. (A gift of Dr. R. T. JOHNSON to the BRC.) 
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The seedlings were collected for the experiment on a filter-paper in a Petri-dish and put 
them in a cylinder (a), treating the with N , 0 of different concentrations, for a different time. 
The plants were fixed in a mixture of absolute alcohol and acetic acid in ratio 3:1, at room-
temperature, for 1/2 to 12 hours. The fixed seedlings were stored in 70 per cent alcohol till 
being used. 
The 6 to 10 mm roots of the fixed seedlings were cut, then hydrolized in IN hydrochloric 
acid at 60 °C for 16 to 18 minutes and stained in Schiff's aldehyde reagent according to Feulgen's 
squash method for 40 to 60 minutes. 
The comparatively hard and thick plant cell wall renders more difficult making preparations, 
therefore roots were treated, before being squashed, in non-buffered enzymesolution — containing 
2 per cent pectinase (FLUKA, SCHUCHARDT) and 2 per cent cellulase (ONOZUKA R-10, YAKULT) — 
at room-temperature. In ten minutes, from the softened roots, the enzymesolution was replaced 
by absolute alcohol. The roots were immersed into concentrated acetic-acid for 1 to 2 seconds and 
placed on a microscopic slide, and a 2 to 3 mm apical part of roots were cut. After dropping 
45 per cent acetic-acid on them the root-tips were covered and squashed. The preparations of 
suitable quality were fixed with dry-ice method (CONGER and FAIRCHILD, 1953). After freezing, 
the coverslip was removed and the preparations were dehydrated in alcohol-series, then the slides 
were immersed into xylene. On the clean coverslips De Pex (G. T. Gurr) was dropped and then 
the preparations were mounted. The preparations, fixed in this way, can be stored without 
discolouration and pollution. 
The investigations were carried out, and the needed microphotographs made, with a ZEISS 
NU-2 microscope, on black and white ORWO 15 Din negative film. 
The mathematical evaluation of data was carried out the mean of data and the standard 
error of means were calculated. 
The test of homogeneity of variance was carried out with Bartlett's test. 
The significance test was performed with a x1 test, the comparison of arithmetic means 
with a t-test (SVAB, 1973). 
The obtained results are fixed in a Table and shown in a column diagram. 
Results 
1) D e t e r m i n a t i o n o f t h e g a s c o n c e n t r a t i o n n e e d e d t o t h e 
o p t i m a l i n h i b i t i o n o f m i t o s i s ( P r e s s u r e e x p e r i m e n t ) 
T h e first ques t ion t o be answered w a s , by which n i t rous -ox ide p ressure (con-
cen t r a t ion ) the inhibi t ion o f mitosis can be ach ieved , in case o f a t r e a t m e n t o f inden-
tical du ra t i on . I looked fo r an answer to , in which degree t h e mitosis o f t h e roo t -
mer is tem cells depends u p o n the N a O c o n c e n t r a t i o n . Seedlings were t rea ted wi th 
N 2 0 u n d e r a pressure o f 1 - 1 2 a t m , fo r t w o h o u r s . I repea ted the exper imen t s t h ree 
t imes, o n every p ressure value, i.e. I invest igated 2.000 cells of the roo t t ips o f 3 t imes 
3 seedlings in each of the exper iments . It w a s es tabl ished t h a t , chang ing t h e n i t rous -
-oxide concen t r a t i on , t h e degree o f mi tos is - inhibi t ion effect of gas changes , de -
pend ing u p o n the pressure . I selected t h e " o p t i m u m " pressure va lue wi th in the 
invest igated in terval , in case of which the h ighes t mi to t ic act ivi ty can be ach ieved 
in t w o h o u r s . T h e degree o f mi to t ic act ivi ty i.e. the ra t io o f mi to t ic a n d i n t e r p h a s e 
cells — cons ider ing the length o f cell cycle as s t a n d a r d — depends on the effect ivi ty 
of the inhib i t ion o f mitosis . T h e m o r e e f fec tua l the inhibi t ion is, t h e m o r e mi to t i c 
cells a re t o be f o u n d in the seedl ings s imul t aneous ly . 
T h e inhibi t ion of mitosis mani fes t s i tself there in t ha t the mitosis of cells gets 
only as far as t h e me taphase . C h r o m o s o m e s a r e a r r a n g e d in a charac te r i s t ic r ing-
f o r m (Fig. 2) and t h e m e t a p h a s e is n o t fo l lowed by ana - a n d te lophases . 
T h e s u m m a r y of the exper imen ta l d a t a is con ta ined in Tab l e 1. Beyond mi to t ic 
activi ty, I de te rmined t h e ra t io of p ro - , me ta - , and a n a p h a s i c cells a t a n y pressure . 
T h e test of h o m o g e n e i t y o f the s t a n d a r d devia t ion , Bar t le t t ' s test was used . By 
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Fig. 2. The "ring" metaphases, coming inio existence as a result of nitrous-oxide, at the treat-
ment at 6 a t m for two hours (magnification: xlOOO). 
m e a n s of this , I es tabl i shed tha t these d o no t d i f fe r s ignif icantly f rom e a c h o t h e r . 
I t was proved by c o m p a r i n g the m e a n s with F- tes t t ha t ihere is a s ignif icant d i f fe rence 
between the average mi to t ic activities o f the seedl ings, t rea ted under d i f fe ren t pres-
sures , a t P 1 per cent level. It was cont ro l led wi th T- tes t , between the averages of 
which t r e a t m e n t s there is a s ignif icant di f ference and the value of the m i n i m a l 
s ignif icant d i f ference was a l so ca lcu la ted . In m y exper iments , th is p roved t o be 
1.87 per cen t . It is the re fo re d u e to the effect o f n i t rous oxide if in the t r e a t m e n t s the 
mi to t i c act ivi ty di f fers f r o m the con t ro l level by more t h a n 1.87 per c en t or if the 
d i f ference of mi to t ic activities measu red in two t r e a t m e n t s is m o r e t h a n 1.87 pe r cen t . 
It c an be es tabl i shed on the basis of s ignif icance-invest igat ions t ha t there a r e signi-
ficant dif ferences be tween t h e t r e a t m e n t s of 1 t o 3. 4 to 5, 5 t o 6, 6 to 7. 7 t o 8, 8 t o 
10, 10 to 12 a t m o s p h e r e s . T h e d i a g r a m of mi to t i c act ivi ty — and the r a t io of the 
Fig. 3. The pro-, meta-. and anaphase change in the cells of the root meristem, as well as that 
in the mitotic activity, taken as a function of pressure. Treatment is: 2 hours. 
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pro-, meta- , and anaphase cells — is to be seen in Figure 3, in which the dynamics 
of the change in the single mitotic phases can be followed well. 
I t turns ou t f r o m the diagram unambiguous ly that by the change in concentra-
tion the ratio of the cells in the mitosis a lso changes , as compared with the mitotic 
activity of con t ro l cells. A significant inhibition of mitosis (mitotic accumulat ion) 
is to be observed, begining f rom a gas concent ra t ion of 3 a tm (135 m M ) . Till 
a tm 6, the number of mitotic cells increases, a f t e r this it decreases (at a tm 9 to the 
level of control ) . At 10 a t m . there are fewer cells in mitosis than in the root- t ip of 
the control . This little but significant decrease in the number of mitotic cells is due 
to the vigorous decrease in the n u m b e r of prophase cells. At this pressure, the number 
of p rophase cells does not achieve the level of 50 per cent of the control . As this 
trend ceases to cont inue a f te r the increase of pressure, and at 12 a tm the number of 
mitotic cells considerably exceeds even the level of control , the effect of the 10 a tm 
pressure canno t be considered as a " s a tu r a t i on" . 
Analysing the distr ibution of the phases of mitosis (pro-, meta-, and anaphases) , 
we can conclude that with changing of the gas pressure, the most obvious change 
follows in the n u m b e r of metaphases . A t 6 a t m , the number of metaphase cell 
increases a l m o s t to be 12-fold, as compared with the control . The number of p ro 
phases remains , apar t f rom the decrease ment ioned above, approximately on an 
identical level. Fol lowing the format ion of anaphases with at tent ion, I have found 
that the ra t io of anaphases shows till a pressure of 5 a tm (225 m M gas concent ra-
t ion) a value close to the control . It is, between 6 to 11 a tm not more than 10 to 
15 per cent of the cont ro l , showing unequivocally the full blocking of the meta-
phase. T h e final conclusion f rom the pressure experiment that the highest mitosis 
accumula t ion can be achieved a t a pressure of 6 a tmospheres . 
T h e quest ion arose whether the metaphase-blocking effect of ni t rous oxide 
depends, and in what degree, on the length of the time of t reatment. 
2) T h e e f f e c t o f d u r a t i o n o f t r e a t m e n t o n t h e m i t o t i c 
a c c u m u l a t i o n ( T i m e e x p e r i m e n t s ) 
Seedlings were treated at a pressure of 6 a tm and two seedlings were fixed 
hourly, resp. two-hourly, each, for 1 to 34 hours . T h e percentage of mitotic, pro-, 
meta- , and anaphase cells was calculated f rom a thousand cells, each. The experi-
ment was repeated three-times. T h e data are summarized in a Tab le (Table 2). 
Wi th Bartlet t 's test, the investigation the test of homogenei ty of the variance 
were per fo rmed . On the basis of mathemat ical evaluation, the s tandard deviation 
of the da ta of the 20 experiments does no t differ significantly f rom one another . 
The compar i son of ar i thmetic means was per formed with F-test. It is to be established 
on the basis of the F-test that between the averages of the different t reatments there 
is a obvious significant difference. The single t rea tments were control led with t-test 
in detail and I exactly established between the averages of which groups least signi-
ficant differences are. I calculated the least significant difference, this proved to be 
2.55 per cent . T h e dependence of the pro- , meta-, and anaphases and of mitotic 
activities on the time is plot ted on co lumn diagram (Fig. 4). 
O n the basis of analysing the da ta , it is to be established that the mitotic activity 
depends on the dura t ion of t rea tment . T h e highest mitotic activity was faund at 
8 hours t rea tment (Fig. 5). A t rea tment longer than 8 hours gradually decreases 
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Fig. 4. Change in the mitotic activity of the root-meristem cells, taken as a function of the treat-
ment of time, as a result of a 6 a tm gas treatment. 
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Fig. 5. The effect of an 8-hour nitrous-oxide treatment, at 6 atm pressure, on the division of cells. 
Magnification: x400. 
E F F E C T O F N I T R O U S O X I D E O N T H E M I T O S I S O F P L A N T C E L L S 1 7 3 
the number of the cells in mitosis, while the curve reaches its first m in imum a t 
18-hour. I t is obvious tha t this min imum is still higher than that to be observed in the 
control . A t a 20-hour t rea tment , again a s h a r p peak can be observed on the curve. 
The major i ty of cells at t ha t poin t are tetraploid. Fol lowing this, the mitot ic activity 
begins to decrease steeply till the 20-hour t rea tment , then it remains below the level 
of the control all the while. 
Studying the given phases of the mitosis, it was faund tha t af ter a 2 -hour treat-
ment the rat io of anaphases remained on the level of 1 0 - 4 f requency, i.e. it could 
be considered as zero. The change in the number of metaphases cells follows the 
change in the mitotic activity well. Wi th the exception of t rea tments for 2 and 3 hours 
the f requency curve of the number of p rophase cells is also of like course. 
Knowing the ni trous-oxide concent ra t ion , blocking the most effective mitosis, 
as well as the op t imum t ime of t r ea tment , I found it necessary to pe r fo rm some 
control experiments for proving that really the specific effect of N 2 0 is really in 
question and no t the changes by the experiental condi t ions (high pressure). For the 
sake of this, a t 6 a tm pressure, I per formed 8-hour t reatments with a i r . ni t rogen, and 
oxigen. A t n o n e of these I observed any cytological event, similar to those observed 
during of the ni trous-oxide t reatments . In all the three t reatments , mitotic activity 
remained at cont ro l level o r — within the limits of significancy — below the level 
of the control . 
3) D e c i d i n g t h e r e v e r s i b l e r e s p . i r r e v e r s i b l e e f f e c t o f t h e 
n i t r o u s - o x i d e t r e a t m e n t ( E x p e r i m e n t o f r e t u r n i n g ) 
In order to decide whether tha t the effect of nitrous-oxide on mitosis is a re-
versible process or not I have pe r fo rmed t h e following experiments. T h e seedlings 
were treated a t 6 a tm pressure fo r eight hours . Then, af ter solving the effect of 
N a O seedling were fixed in 1/2 resp. 1 h o u r intervals. The last sample was taken 
af ter the terminat ion of gas t rea tment , in the sample was taken af ter the terminat ion 
of gas t rea tment , in the 21st hour . The exper iment was repeated three times. In all 
the three repeated samples, the percentage of the mitotic, as well as pro- , meta- , 
and anaphasic cells was counted f r o m 4000 cells, each. The da ta , obtained f rom the 
investigation, are showed in Table 3. 
Mathemat ica l control of da t a , was pe r fo rmed establishing that the s tandard 
deviations are not significant, the average values a re to be considered as homogeneous . 
T h e least significant difference proved to be 2.93 per cent . 
T h e averages of mitotic, pro- , meta-, and anaphasic activities a re plot ted, like 
before, in a column d iagram, taken as a func t ion of time (i.e. the time following gas 
solution) (Fig. 6). In the Figure 6 it is to be seen that , af ter solving gas pressure, 
mitotic activity decreases abrup t ly and the anaphase cells immediately appear 
(Fig. 7). 
Following the fo rmat ion of the certain phases of mitosis, we can see that in 
30 minutes a f te r solving gas pressure the n u m b e r of anaphases rises f rom zero per 
cent to 7.3 per cent , then it gradually reaches the control lever. Af te r ten hours , 
mitotic activity again has an ab rup t peak , being almost 2.5 times more than the 
cont ro l value. After ten hours , mitotic activity shows a five-hour periodicity, each 
presenting itself in the form of a peak, essentially exceeding contro l level. In these 
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Fig. 6. Change in the pro-, meta-, and anaphase, as well as mitotic activities of the root-meristem 
cells, taken as a function of the time following gas solution. The treatment lasted at 
6 atm pressure, for 8 hours. 
Fig. 7. Change in mitoses, at 6 atm. following the termination of the 8-hour gas treatment. 
Magnification: x400. 
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peaks , m o r e t h a n two- th i rds of mi to t ic cells a r e f o r m e d by p r o p h a s e cells. A p a r t 
f r o m peaks , beg inn ing f r o m the 5th h o u r fo l lowing gas t r e a t m e n t , the va lue of 
mitotic act ivi ty d o e s no t d i f fe r f r o m the con t ro l level s ignif icantly. 
Discussion 
At eva lua t i ng the effect m a d e by n i t rous ox ide on the d ividing roo t -mer i s t em 
of seedlings, it is abso lu te ly necessary t o discuss certain ques t ions which a r e t o be 
cons idered as pecul iar i t ies o f the exper imen ta l sys tem. F o r lack of this , the in ter-
pre ta t ion of expe r imen ta l results, the conc lus ions d r a w n may be the sources of several 
e r rors . 
It is to be cons ide red as one of the m o s t i m p o r t a n t ques t ions t ha t the root-
meristem cells cannol be regarded as a homogeneous cell population. In the root tip, 
fast-cyclizing cells (of s h o r t cell-cycles), s lowly cyclizing cells (of long cell-cycles) 
and non-cycl iz ing (rest ing) cells a re to be f o u n d . I t is not yet set t led whe the r these 
resting cells a r e on ly in a provis ional rest ing s t a t e o r they remain definitely " o u t 
of the cell cyc le" . F o r the t ime being, t he re is n o d i rec t ev idence fo r t h a t these cells 
have lost their mi to t ic act ivi ty (CLOWES, 1976). It is obv ious t ha t the existence o f 
these th ree basic cell types makes extremely compl ica ted to eva lua te a n y effect a n d 
this fact is abso lu te ly t o be had in sight . A t e l abora t ing t h e results , t he re fo re , we 
should leave o u t of cons ide ra t ion every eva lua t ion suppos ing a u n i f o r m cell cycle 
(i.e., s o m e cells d iv iding with identical speed , ident ical rate). T h e roo t - t ip p r epa ra -
t ions m a d e in the course of invest igat ions cons i s ted on average n u m b e r of 3500 t o 
4000 cells. In the cer ta in exper iments , we eva lua ted un i fo rmly "2000 cells, each , 
which is a p p r o x i m a t e l y 50 pe r c en t of the full p r epa ra t i on . I s h o u l d have l iked t o 
decrease t o m i n i m u m the e r ro rs given by t h e d i f fe ren t " a n s w e r s " of " f a s t " , " s l o w " , 
" n o n - d i v i d i n g " cells. 
Table I. Determination of the gas concentration, needed to inhibit the optimum mitosis ( Pressure 
experiment). Average values of the pro-, meta-, and anaphases, as well as of mitotic 
activities, and the dispersion values of the arithmetical average of mitocic activities. 
(The time of the nitrous-oxide treatment is two hours at each pressure.) 
Mitosis 
N 2 0 pressure 
(atm) 
Prophase Metaphase Anaphase Mitosis s s " 
Control 3.32 1.09 1.48 5.89 0.41 
1 atm 3.79 1.24 0.84 5.87 0.79 
2 atm 4.40 0.96 0.98 6.34 0.43 
3 atm 5.07 1.84 1.06 7.97 0.39 
4 atm 5.28 2.50 0.92 8.70 0.80 
5 atm 4.19 6.18 0.89 11.26 0.34 
6 atm 2.93 11.35 0.23 14.51 0.57 
7 atm 2.74 7.34 0.24 10.39 0.49 
8 atm 2.16 4.98 0.15 7.29 0.51 
9 atm 1.97 3.61 0.06 5.64 0.57 
10 atm 1.32 2.39 0.12 3.83 0.39 
11 atm 2.17 3.16 0.11 5.44 0.28 
12 atm 5.58 2.40 0.86 8.84 0.20 
* *s* S t a n d a r d d e v i a t i o n s of t h e a v e r a g e s of m i t o t i c ac t iv i t ies . 
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Using 2 - h o u r s exper imen ta l t imes du r ing t h e pressure expe r imen t s ( T a b l e 1, 
Fig. 3), 1 have es tabl i shed t h a t wi th in the invest igated series of 1 - 2 a t m p re s su re 
intervals , a mitotic accumulation can be achieved a t a p re s su re o f 6 a t m o s p h e r e s . 
T h e a c c u m u l a t i n g effect of the n i t rous-oxide mi tos i s can u n a m b i g o u s l y b e exp la ined 
by increasing the n u m b e r o f me taphases , i.e. by m e t a p h a s e block o f cell d iv is ion . 
O w i n g t o technical causes (lack o f an a p p a r a t u s o f high pressure) , I c o u l d n o t in-
vest igate in to the repea ted rise of t h e mi to t ic act ivi ty a t 12 a t m o s p h e r e s . T h u s , 
I c a n n o t give a n y sa t i s f ac to ry exp lana t ion to this . A f t e r es tab l i sh ing t h e " o p t i m u m " 
gas concen t r a t i on (6 a t m ) , 1 invest igated into t h e effect o f the t ime of t r e a t m e n t on 
the mi to t ic a c c u m u l a t i o n , wi thin an interval of 1 t o 34 hou r s ( T a b l e 2. F ig . 4). T h e 
n u m b e r o f mi to t ic cells is rough ly d o u b l e d by on ly 1-hour t r e a t m e n t a t 6 a t m pressure , 
th is be ing t h e resul t of an a b o u t 7-fold increase in the n u m b e r o f m e t a p h a s e cells , 
as c o m p a r e d wi th the con t ro l . T h e highest mi to t i c a c c u m u l a t i o n was ach ieved a t 
the t r e a t m e n t of 8 hou r s , w h e r e the ra t io of m e t a p h a s e cells w a s a b o u t 20 - fo ld , 
c o m p a r i n g w i t h t h e con t ro l . 
T h e r e is t o be f o u n d m o r e t h a n o n e exp lana t ion fo r t h e rise in t h e n u m b e r o f 
p rophase s , n a m e l y : 1) T h e p r o p h a s e phase relatively lengthens , whi le the t ime o f 
cell cycle r ema ins u n c h a n g e d . 2) T h e cell cycle accelerates , 3) mi tos i s - induc t ion in 
the n o n dividing cell p o p u l a t i o n , e tc . T h e n u m b e r of me taphases g radua l ly dec reases 
a f t e r a t r e a t m e n t f o r eight h o u r s , f r o m which the conc lus ion can be d r a w n tha t t h e 
me taphase -b lock ing effect o f the n i t rous-oxide gas is restr icted in t ime a n d , a f t e r 
a t r e a t m e n t exceeding t h e 8 h o u r s , a l ready m o r e cells g o over t o an i n t e r p h a s e . 
Table 2. Effect of the time of treatment on the mitotic accumulation (Time experiment). 
Average values of the pro-, meta-, and anaphases, as well as of mitotic activities, and 
the dispersion values of the arithmetical average of mitotic activities. 
(The nitrous-oxide treatment took place at six atmospheric pressure.) 
Mitosis 
Time (hrs) Prophase Metaphase Anaphase Mitosis ss** 
Control 3.32 1.09 1.48 5.89 0.41 
1 3.53 8.10 0.05 11.68 0.63 
2 3.18 11.88 0.28 15.34 0.72 
3 2.35 15.67 0.09 18.11 0.40 
4 4.15 16.57 0.00 20.72 1.58 
6 5.42 18.23 0.12 23.77 1.03 
8 6.83 21.70 0.03 28.56 0.58 
10 4.78 17.63 0.03 22.44 1.47 
12 4.12 14.07 0.07 18.25 0.96 
14 4.08 12.23 0.00 16.31 0.68 
16 2.55 9.92 0.02 12.49 1.12 
18 2.00 6.25 0.00 8.25 0.53 
20 4.80 12.97 0.00 17.77 0.59 
22 3.03 6.98 0.00 10.01 0.83 
24 1.32 1.27 0.00 2.59 0.30 
26 0.80 2.08 0.00 2.88 0.33 
28 0.28 0.57 0.00 0.85 0.14 
30 0.60 1.00 0.00 1.60 0.22 
32 0.67 1.05 0.00 1.72 0.26 
34 1.72 2.10 0.00 3.82 0.59 
** s j S t a n d a r d dev ia t ions of t h e a v e r a g e s of mi to t i c activities. 
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o m i t t i n g the a n a - and te lophas ic phases t h a n the number of cells go ing newly in to 
mitosis . A f t e r 20 h o u r s , the n u m b e r o f m e t a p h a s e again s h o w s a rise. Bu t m o s t o f 
the mi to t i c cells a r e a f t e r twenty h o u r s a re t e t r ap lo id . T h e p e a k is, t he re fo re , given 
no t by cells s t epped in to a " n e w " mi tos i s , bu t a l r eady " t r e a t e d " cells get aga in till 
the m e t a p h a s e . F r o m this, the conc lus ion can be d r a w n t h a t : 
1) by n i t r o u s oxide , n o n o t a b l e inhib i t ion is induced in a n o t h e r s tage o f t h e 
cell cycle, 
2) d u r i n g the 6 a t m n i t rous -ox ide t r e a t m e n t , the cycle t ime o f these cells is 
a p p r o x i m a t e l y 10 h o u r s . A t r e a t m e n t s h o w s a f t e r 22 hou r s an anequ ivoca l inh ib i to ry 
effect a n d till a t r e a t m e n t fo r 34 h o u r s I have no t observed a n y fo l lowing rise. Beyond 
the inh ib i tory effect induced by the long t r e a t m e n t , a pa r t c an be p layed in this by 
the exhaus t i on of d iv iding abil i ty o f the cells a l ready divided. 
W i t h co n t ro l exper iments , I es tabl i shed tha t the effect of nitrous oxide on the 
mitosis is specific, and it is n o t d u e to the physical condi t ions of the t r e a t m e n t (e.g. 
high pressure) . 6 - a tm , 8 -hour t r e a t m e n t s were pe r fo rmed wi th a i r , n i t rogen , a n d 
oxygen a n d n o n e of these resulted in an effect , s imi lar to t ha t of N z O . 
Table 3. Decision on the reversible resp. irreversible effect of the nitrous-oxide treatment. 
(Experiment of returning.) 
Arithmetical averages and dispersion values of the pro-, ir.eta-, and anaphases, as well 
as of mitotic activities. 
(Nitrous-oxide treatment at 6 atm pressure, for 8 hours, sampling following gas solu-




Prophase Metaphase Anaphase Mitosis ss** 
Control 3.32 1.09 1.48 5.89 0.41 
0.00 6.84 21.70 0.03 28.60 0.58 
0.30 5.80 9.51 7.28 22.78 0.99 
1.00 3.85 2.22 8.60 14.67 0.75 
1.30 7.33 1.53 4.13 12.97 0.83 
2.00 6.48 2.13 3.00 11.60 0.94 
3.00 4.90 2.10 3.17 10.17 0.55 
4.00 3.68 1.32 2.30 7.30 0.32 
5.00 5.17 1.17 1.86 8.72 0.33 
6.00 3.13 1.07 1.30 5.50 0.59 
7.00 2.18 0.72 1.03 3.93 0.24 
8.00 1.57 0.53 0.22 2.32 0.18 
9.00 2.28 0.60 0.58 3.47 0.44 
10.00 7.10 1.90 2.47 11.97 1.72 
11.00 2.47 1.02 0.92 4.40 0.45 
12.00 4.15 0.93 1.05 6.13 0.98 
13.00 3.02 0.88 0.40 4.30 0.92 
14.00 4.63 0.87 0.78 6.28 0.51 
15.00 10.22 2.83 2.35 15.40 1.68 
16.00 4.12 0.97 0.72 5.80 0.46 
17.00 4.33 0.83 0.67 5.83 0.29 
18.00 5.07 1.33 1.63 8.03 0.43 
19.00 3.08 0.38 0.38 3.85 0.59 
20.00 7.43 1.50 1.28 10.22 0.65 
21.00 5.87 1.28 1.43 8.58 0.92 
* *s* S t a n d a r d dev ia t ions of t h e ave rages of mi to t i c activities. 
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Accord ing t o my invest igat ions, the effect of nitrous oxide is reversible. F o l l o w -
ing the so lu t ion of the gas t r ea tmen t , the m e t a p h a s e cells immedia te ly pass o v e r in to 
a n a p h a s e . 
Af t e r solving the gas t r e a t m e n t (Tab le 3). t h e c h a n g e in mitotic activity shows 
a definite periodicity. F o r 9 hou r s , mitot ic act ivi ty g radua l ly decreases , t hen , a t 10 
hours , it achieves a level d o u b l i n g tha t of the c o n t r o l , a n d fo l lowed a f t e r 15 resp . 
20 h o u r s aga in by a new peak , in each case. 
O n the d a t a of the t ime expe r imen t , it is no t p robab le t ha t this p h e n o m e n o n 
wou ld be a consequence o f a part ia l b locking , t ak ing place a t s o m e p o i n t of the cell 
cycle. I cons ide r a s a more p r o b a b l e exp lana t ion tha t the 10-hour peak is i nduced 
by the fast cyclizing cells par t ia l ly r emain ing in synchron ized , while t h e 15-hour 
peak is f o rmed by the cells o f the cell p o p u l a t i o n of a fas te r cell cycle, r e m a i n i n g 
in s y n c h r o n . T h e 20-hour peak is aga in p r o d u c e d by t h e fas t cycl izing cells of s u p -
posedly 10-hour cell cycle. O n the basis of this exp lan t ion , the larger s h a r e of t h e 
near ly 30 per cent mi to t ic cell p o p u l a t i o n of ze ro h o u r z e r o m i n u t e wou ld be given 
by the s lower cells (of 15-hour cell cycle). T h e s u m of t h e 10- and 15-hour p e a k s 
agrees extremely well with the mi to t ic activity observed a t the t e r m i n a t i o n o f g a s 
t r e a t m e n t . By this, as well as by the c o m p a r i s o n o f the 10- a n d 20 -hou r m i t o t i c 
activit ies, the extremely high s tabi l i ty o f synch ron i t y is s h o w n . 
References 
BIESELE, J. J. (1958): Mitotic poisons and the cancer problem. — Elsevier Publishing Co. 
New York. 
BRINKLEY. B. R., STUBBLEFIELD. E. and Hsu. T. C. (1967): The effects of colcemid inhibition and 
reversal on the fine structure of the mitotic apparatus of Chinese hamster cells in vitro. — 
J. Ultrastruct. Res. 19. 1-19. 
CLOWES, F. A. L. (1976): The root apex. In: "Cell Division in Higher Plants". — New York, 
London, San Francisco. 
CONGER, A. D. and FAIRCHILD. L. M. (1953): A quick-freeze method for making smear slides 
permanent. — Stain Techn. 28. 281-283. 
DVORAK, J . , HARVEY, B. L . a n d COULMAN, B. E . ( 1 9 7 3 ) : T h e u s e o f n i t r o u s o x i d e f o r p r o d u c i n g 
eupolyploide and aneuploide in wheat and barley. — Can. J. Genet. Cytol. 15. 205-215. 
EIGSTI, O. J. and DUSTIN, P. (1954): Colchicine in agriculture, medicine, biology and chemistry. 
— (Iowa State University Press.) 
FERGUSON, J.. HAWKINS. S. W. and DOXEY, D. (1950): C-mitotic action of some simple gases. 
— Nature 165. 1021-1022. 
KIHARA. H. and TSUNEWAKI, K. (I960): Production of polyploid wheat by nitrous oxide. — 
— Proc. Japan. Acad. Sci. 36. 658-663. 
LEVAN, A. (1938): The effect of colchicine on roots mitosis in Allium. — Hereditas 24, 471-486. 
NYGREN, A. (1955): Polyploids in Melandrium produced by nitrous oxide. — Hereditas 41. 
2 8 7 - 2 9 0 . 
OSTERGREN, G. (1944): Colchicine mitosis chromosome contraction, narcosis and protein chain 
folding. — Hereditas 30. 429-464. 
OSTERGREN. G. (1954): Polyploids and aneuploids of Crepis capiUnris produced by treatment 
with nitrous oxide. — Genetica 27. 54-64. 
OSTERGREN. G. (1957): Production of polyploids and aneuploids of Phalaris by meand of nitrous 
oxide. Hereditas 43. 512-516. 
PICKET-HEAPS, J. D. (1967): The effects of colchicine on the ultrastructure of dividing plant 
cells, xylem wall differentiation and distribution of cytoplasmic microtubules. — Devel. 
Bio l . 15. 2 0 6 - 2 3 6 . 
RAO. P. N. (1968): Mitotic synchrony in mammalian cells treated with N.O high pressure. — 
S c i e n c e 160. 7 7 4 - 7 7 6 . 
E F F E C T O F N I T R O U S O X I D E ON T H E MITOSIS O F P L A N T C E L L S 1 7 9 
STUBBLEFIELD, E. and BRINKLEY, B. R. (1966): Cilia formation in Chinese hamster fibroblasts 
in vitro as a response to colcemid treatment. — J. Cell Biol. 30, 645-625. 
SVÁB, i. (1973): Biometriai módszerek a kutatásban (Biometric methods in the research). — 
Budapest. 
TSUNEWAKI, K. (1962): Production of polyploid wheat by nitrous oxide. II. N20-treatment 
during fertilization with reference to culture media. — Seiken Ziho 14, 14-20. 
Address of the author: 
D R . A N N A SZELES 
Department of Anthropology. 
A. J. University, H-6701 Szeged 
P. O. Box 428, Hungary 
